FOREWORD

Volume I of the Index to Users Projects has been published
to provide a source for immediate reference to all Users
Projects from Number 1 to Number 399.

Volume IT of the Index to Users Projects is a continuation
of Volume I and contains those projects produced from Number
LOO to date and is available upon request.
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USERS' PROJECT NO. 1

Abstract

PROGRAM DOCUMENTATION ROUTINE

This is a service routine designed to document programs from tape in

G-15 language.

USERS PROJECT NO. 2

Abstract

INTERCOM 101

The program was documented by Bendix Radio Division and contains a
complete set of flow charts and coding sheets for INTERCQM 101 inter-

pretive routine.

USERS PROJECT NO. 3

Abstract

FLOATING POINT DOUBLE PRECISION SUBROUTINES

The project is a set of subroutines including square root, trigonometric

exponential routines as well as erf(x) and Table Generator.

-1-



USERS' PROJECT NO. L

MATRIX INVERSION AND SOLUTION OF STMULTANEOUS LINEAR EQUATIONS

PROBLEM DESCRIPTION

This program is designed to invert matrices or solve a set of
simultaneous linear equations of order up to and including 15,
by using Gaussian elimination. Floating Point Double Precision
arithmetic is used throughout all computations.

Each row of the matrix is assigned a line beginning with line
OL and continuing up to line 18 if necessary. Lines to be used
should be cleared before entering numbers. The first column of
numbers are stored in two word positions starting at the even
mumber location 076; the second column in location 07k, etc.

If simultaneous equations are to be solved, the constant term is
entered starting in location 078.



USERS PROJECT NO. 5

Abstract

REAL AND CQMPLEX ROOTS OF A POLYNOMTAL

The routine will find the roots of a polynomial of the degree n where 3=

n=17, by Milne's quatratic factoring method.

USERS PROJECT NO. 6

Abstract

FLEXOWRITER TO INTERCOM NUMBER CONVERSION

The program is a service routine for off-line data preparation when

using INTERCQM 101,

USERS PROJECT NO. 7

Abstract

MICHIGAN STATE HIGHWAY DEPARTMENT EARTHWORK PR OGRAM

The volume of earth, i.e., cut and fill, is computed with other items

such as station, plan grade, areas, etce.



Users' I'rojoct ko. 8

SOLUTION OF SINULTALEOUS LINEAR EGUATIONS

The method used in this prosram iz the method of climination. The equations
are mltiplied Ly certain factors and then subtracted one from another until
all uninowns but one arc eliminated from the last equation. The value of the
other unknowns can then be found by either back substitution or by a method
which will be explained later. Consider the set of equations:

P M P M P Sl

a2lJC1+ a22x2+ * o o *aznﬁ - b2

[} [
L] L

an1x1+ %zxz-r o o '*%nxn'bn
Dividing equation 1 by 879 one obtains

- ] -
x1+c12x2+. e ¢ Cp bl whero ci;] a:‘_J /811

Then, multiplying equation 1 by and subtracting equation 1 fram equation
2 eliminates x; from equation 2. uvation 2 becomes

n
d22x2+d23x3+ c e d2nxn = b2

where d2 4 -3, 3'a21°13 s dividing equation 2 by d22 glves

Xp*0p3Xgt « o o *ep X, = b,  where egy = did/dzz

Using cquation 1 oliminates x, from equation 3, and usin;g equation 2 eliminates
X, from equation 3. Proceed In this mamer until equation n is obtained:

1510
San*n ™ Pn
of Xx‘-bl...

Snn

It is now possible to use back substitution to obtain the other unknowns.

Substituting x, = b ' /S

on 1in the derived equation n-l

- bl!ll

Tp-1,r-1%n-1 * Tn-1,n *n = Pna1

X,.1 1s obtained. Ry repeating the process all xj are obtained.

-l
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SCLYTION OF SIMULTALLOUS LINEAR EQUATIONS (Continued)

A simpler method to find all x, afterr x; has been found is used in this program.
Consider the cerived equations

X Ryt e e st kx, =Dy

X24k2313*000*k2nxn-152

Ky = Ly

Multiplying equation 2 by ki, and subtracting it from equation 1, eliminates
%, from equation les Proceeding in this manner, all urknowns, except Xy, are
climinated and the solution for x; follows immediately. Then, ignoring
oquation 1, eliminate all except X, fram equation 2, eto.



BENDIX RADIO
DIVISION OF BENDIX AVIATION CORPORATION
BALTIMORE, MD.

DIMPLES
USERS' PROJECT NO. 9

Preface

The purpose of this work was to assemble in one package the basic useful
features of floating point double precision motation, The umigue feature is
a "table generator", which is used to provide tables of funetions to- a high
degree of precision, Its usefulness lies chiefly in two areas: (1) Standard
functions for whieh a table may not be conveniently at hand, or which may not
give the desired precision, (2) Speeial functions which may be designed to
provide the answer to a specific problem. Also included is a program prepara=-
tion routine, and an "open-end" feature which makes it possible to add on
suberoutines of varying eomplexity.

(BEND _' mo

BRM 1488-4-54



Users' Project No. 10

MATRIX INVERSICL

The method used in this program is the method of direct elimination. Consider
the n x n matrix ajy = A, If A‘l exists, AA-l = I. By introducing the composite

matrix :0[ and using direct elimination on it, the composite matrix

Ej___a is generated where C is the inverse of A.
0

Step 1: Start with the composite matrix [Al I] « Divide row 1 by a q- Then
3

O, ">

Q

multiply row 1 by a2,1 and subtract row 1 fram row 2, This gives zero in the
ap,1 position. Then divide row 2 by al2’2. Next, multiply row 1 by 9.13 1 and
2

subtract it from row 3. Now mltiply row 2 by :11ll and subtract it from row

3,2
3. This eliminates a and a, ,. Then row 3 is divided by am and the
3,1 s2 3,3
process is contimued until the following matrix is formed:
1}112}11300011].11 gl,n+10..o 0
0 l }123 e o o hzn 52, n"’l g2’ n+2 e o o 0]

0 0 1 0.0h3n g3’n*1£;3, 1'1“’2&3,11"'3...0

® L] e L]
0 0 O.eo 1 gn, n+tl gn, n+2 gn, n+3 . . . gn, n*n



BENDIX RADIO
DIVISION OF BENDIX AVIATION CORFOIATICI

BALTIMORE, MD.

MA1SIE

USERS' PROJECT NO. 11

Preface

The purpose of this work was to provide a quick and easy method of invert-
ing matrices and of solving simultansous equations, It was desired to make the
program as automatic as possible, in order that it might be run by an inexpe-
rienced operator, For converience and accuracy, double precision floating point
notation was chosen, The 1limit of 15 equations, or of a 15 x 15 matrix, was
designated because not only was this a natural limit for the sexadecinmal syatem,
but it also coincided with the number of lines available in the machine.

-8
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BENDIX RADIO
DIVISION OF BENDIX AVIATION CORPORATION
BALTIMORE, MD.

USERS' PROJECT 40. 12

INTERCCM 103 D

T, General

INTERCOM 103D is an expanded version of INTERCCM 101D designed to
increzse the number of operations available to the programmer through the
use of operatisn codes, to increase the speed and reliability of input/output
operations, to reduce execution time, and to simplify the entry of infor-
mation,

A1l Operation Codes available with INTERCOM 101 ares present here,
Similarly, all Ianstruction Codes hhve been retained,

Unless otherwise specified, the description and instructions given
in the INTERCGM 101 Marmal may be considered velid here,

I1, Losading

The tape does not contain a number track, Loading may be accomplished
by typing p and turning the Compute Switch to GO,

The loading routines check reading accuracy and reread if necessary,

Only three blocks are changed when going from Compiler to Interpreter
and back, Index Registers are not disturbed, The loaders for eniry ef
the Interpreter and retum to the Compiler may be called in with a R
instead of the x instruction if desired, '

ITI, Input to Compiler

A1l instructions, orders, and numbers are déntered with the Compute
Switch on GO, Entry of an instruction is signalled by a preceding /,

Orders and numbers may be entered in the normal fashion; however,
it is not necessary to enter trailing (insignificant) zeroes, Leading
zeroes and zeroes that are part of an instruction must, however, be
entered, Also, in the event that a typing error is made and discovered
before the s is typed when entering orders and numbers, the error may
be corrected by typing in the full 6-digit order or 7-digit number,

The number zero (12,00000) may be entered by typing only s,

NOTE: qf operation will not work in the 8ompiler, but will act as il
an 0000 instruction had been given,

BRMA1498 - 4-54




USERS PROJECT NO. 13

MAGNETIC TAPE PREPARATION ROUTINE (MTPR)

Functions:

The functions of the MTPR routine are: to transfer program blocks to
Magnetic Tape from either Punched Tape or from the computer itself and to
locate and "read in" blocks of information stored on Magnetic Tape.

The basic packa;e is stored and operated from line O4. Line 18 is used for
working storage (the same as in the PPR-Dl routine). The aritnmetic registers
and all four word lines are used by the routine. The routine is written so
that it can be used together with PPR-Dl, if so desired. 1t can also be used

separately.

Loading:

The routine is self-contained and self-loadingz. To load the routine into the
comouter, hit the "p" key once with the Enable Switch on. After the photo
tape reader has stopped, place the compute switch to eithcr BP or 0. The
loading procedure terminates with the computer prepared to accept input from
the tyvewriter. The standard formats for AR and line 19 outpouts are stored
by the routine,

-10-



Users' Project No. 14

TRAVERSE CLOSURE AND DMD CALCULATIONS

The Traverse Olosure Program was designed to be a rapid means of checking
office calculations in terms of bearings and distances and also to be used
to calculate missing bearings and distances,

The program, at the option of the operator, will also compute the area f
a closed f'igure in square feet and in acres.

The output formats of the program were designed for use with card input
equipment, however, only one commanrd change is necessary to allow the data
to be typed in. Also, the output is on punched paper tape to be transcribed
by off-line flexowriters but can te easily revised to type-out,

A special feature of the program. is the continuing traverse routine which
will allow any number of unknown courses to be computed in a single traverse.

In the near future a routine will be added to the program which will compute
any two unknowns in a traverse.

~11-
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Users' Project No. 15

NUMERICAL SOLUTION OF SIMULTANEQUS ORDINARY
DIFFERENTIAL EQUATIONS

Problem: This program was prepared to compute the numerical solu-
tion of & system of first order simultaneous ordinary
differential equations. As written it will handle twenty
such equations, but can be easily modified to handle a
larger system of equations. The Runge Kutta-G11l method
is the numerical method used in this program.,

Equations: Given N simultaneous equations
d
Td%i = fi(yo, Y]_.....,yi.-.....yn-l) = fi

(0=1=N-1)

it 1s necessary for one to prepare a program to compute
and store hfi in storage locations 470 + 1. This program
is to start in location 100 and 18 entered by "MARK PLACE
AND TRANSFER". It should end with a "RETURN TO MARKED
PLACE" command.

-12-



USERS PROJECT NO. 16

INTERCOM Documenter No. 1

OPERATING INSTRUCTIONS

This routine may be used with the following interpretive systems: FLIP A,
FLIP B,

1.

9.

INTERCOM 101, INTERCOM 103,

Load the compiler in the normal fashion, and read the tape
to be documented into the interpretive memory.

Place the INTERCOM Documenter No, 1 tape on the photo reader,
ready to be read in., Turn the "Compute® Switch OFF.

Type p (%) and wait for the photo reader to stop.

Type gf 0180261 Tab sicl. Place the "Compute® Switch to GO.
The computer will read in the second block of the documenter
tape, and it will stop with both "Source" and "Destination"
lights showing 1lj. Turn the "Compute" Switch to OFF.

Type gf abc O Tab s, where abc = the location at which docu-
mentation is to start. Insert sheet on which documented output
is to appear,

Place the "Compute™ Switch to GO. The computer will document
successive interpretive memory locations, typing the location
number followed by an order, a number, or a blank (if that
location was unused), ¢

To interrupt documentation, place the "Compute" switch in BP.
The computer will stop at the end of the current line of out-
put. To continue with the next location, place the "Compute"
switch to GO,

To start documentation at a new location, start with step 5.

To lcad a new tape for documentation, start with step 1.

Underlined type-ins are made with the "Enable" Switch ON,

There is one chance in about 1,000 that a number will be interpreted

as

a store order., Also, the first number documented following a

sequence of orders may be converted incorrectly if this routine is
used with certain versions of INTERCOM.

Check sums: .0000000 -, 756y116

-13=



Users! Froject No. 10

FIXED ARCH AIALYSIS

GIVEN: A General Structure which follows any single path from O to R
(0 ard R nay be at the sare clevationy a ring-type structure)

The prograr computes influence velues for norizontal Reaction, Vertical Reaction,

and Moment at the left support cduc to unit vertical loads.

The input data required is as follows:
ds = 1length of each segment
t =  thickness at the face of each segment
X =) co-ordinates of the centroid of
y =) each segment

The progran: solves the folloving simultancous equations:
S(EEY SN = 1 (ZYP ) 4 v (-Zxr 52) + iy (TY
+(LEX 98) = Hy (-):xr 4 v v, (22?8 v (EX§

HEN, 8 ey (XY 8 v (Ex ) ey (ZE

=)
)

Tie siz: different coefficients on the right side of the equations are "Structural
Constants" cond, once determined, renain fixed for any given structure. The three
vzlues on the left side of the equations must be determined anew for a load

positioned at cach segment of the structure.



USERS' PROJECT NO. 19

LOCKWOOD, KESSLER & BARTLETT, INC.
ENGINEERS « SURVEYORS

ONE AERIAL WAY, SYOSSET, Ni:W YORK
WELLS 8.0600

Bridge Bearing Elevations

Abstract

Given the final horizontal and vertical alignments and the complete

design of the slab, beams, and bearings, it is required to determine
the bridge seat or bridge bearing elevations for highway bridges on
horizontal tangents with or without vertical curves. The bearing line
number, the beam numbers, and the required bearing elevations are
typed out as a group for every bearing line.

The capacity oi the program is 10 single spans with no restrictions
on the number of beams in a span, the skew angle or the arrangement
of the fixed and expansion bearings,

This program is revision one.

«15-



Supplement No, 1 to Users' Project No. 20
ILLINOIS DIVISION OF HIGHWAYS
First Modification of Earthwork Program
adapting it to the Design of Dual High-
ways which are Symmetrical about the

Centerline of Median.
(For G=15A)

The Earthwork Program as originally developed was limited

in its use to the design of a single pavement roadway (with
any number of lanes), A modification of the original program
has been completed which permits its use in the earthwork
design for dual highways with any number of lanes, but which
have a uniform median width and grades that are parallel (al-
though not necessarily at the same elevation) and for which
superelevation is obtained by rotating the pavements about

their median edges.

This program for dual highways is the same as the original
program, except that a new Template Simulation Subroutine has
been substituted for the original Template Simulation Subrou-
tine, In order to obtain the desired location in memory stor=-
age for the new subroutine, some of the orders in a few of the

other subroutines have been relocated into other memory lines,

The only difference in operational procedures from those
given in the original manual is in the preparation of the Tem=
plate Data tape, Instructions for this procedure are included

in the following pages,

16~
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Supplement No. 2

SECOND MODIFICATION OF EARTHWORK PROGRAM ADAPTING IT
TO EARTHWORK DESIGN rFOR WIDENING EXISTING PA \

Changes in Original Program:
1. The Crown Elevation Subroutine has been omitted.
2. A new Template Simulation Subroutine has besn substituted.
3. Grade Line Data Tape is not required.
4. There is a new procedure for the preparation of Template Data

Tape and Ground Cross Section Tape.

Crown Elevation:

The Crown Elevation is taken from the Ground Cross Sections, and is
the rod elevation at the centerline of survey which is usually the
centerline of the existing pavement or a line which is parallel to,
but offset from the existing pavement centerline. The program, as a
part of the conversion of cross section rod readings to actual eleva-
tions, sets the centerline elevatioﬁ~in position for output as Crown
Elevation. The output format contains the Crown Elevation (and all
other output data) in the same position as in the output format for
the original Earthwork Problem.



Users! Project No. 21

Supplement Ko. L

EARTHWORK PROGRAM -- USING CROSS SECTIONS
QRIS ATIONS ETS

Genoral Statement:

This program is the same as the original Illinois Earthwork program,
except that Section "B" (Cross Section Data Entry and Conversion) has
been rewritten so that the computer will accept cross sections expressed

in x, y and z coordinates; that is, stations, offsets and ground elevations.

For this program the accompanying coded program for Section "B" pages
83 to 87 inclusive are to be substituted for pages 82 and 87 inclusive
of the original Eartlwork Program. This substitution, in cambination
with the remaining part of the original coded program, will give the
complete coded program for this problem.

The only difference in operational procedures for this program from

those given in the original Earthwork Mamual are those concerning

Preparation of Ground Cross Section Tape.

-18=-
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ANALYSIS OF RECTANGULAR REINFORCED CONCRETE COLUMNS

Definition of the Problem:
The problem is to determine the maximum concrete and steel stresses
in a rectangular or square reinforced concrete column subjected to
axial load and one way or two way bending.

Specifications:

Input in floating point.

b = width of column - side parallel to x axis

d = width of column - side parallel to y axis

n = ratié of Es/uc

P = axial load

& * eccentricity of axial load in x direction = g%z

ey = eccentricity of axial load in y direction = Mxx

; P

# = Dbar size number from #2 to #11

Nl = number of tar spaces in first row parallel to x axis
gl = distance to x axis from first row parallel to x axis
2 = number of bar spaces in first row parallel to y axis
D, = distance to y axis from first row parallel to y axis
N3 = number of bar spaces in second row parallel to x axis
Dy = distance to x axis from second row paralliel to x axis
Nﬁ = number of bar spaces in second row parallel to y axis
Dh = distance to y axis from second row parallel to y axis
NS = number of bar spaces in third row parallel to x axis
D = distance to x axis from third row parallel to x axis
Ng = number of bar spaces in third row parallel to y axis

distance to y axis from third row parallel to y axis

(=)
o

Note: If there is only one row of bar all around input, the program will
stop at Dy; for two rows it will stop at Dh' e, and °y should always
be positive,

Mathematical Method Used:

Basic Approach - Successive approximation

Basic Equations: S =P % Mx:t My
A Ixx Ixx X
T
= P ¢+ - b
S I-Mx}t %2%3,4» m_,mmx
Ixx -(Ixy) Iyy -(Dy)e
Iyy Ixx

-]y -



Users' Project No. 23

PIER DESIGN
MOMENT COMPUTATIONS FOR CONCENTRATED VERTICAL LOADS
Program No, S-1

1. PROBLEM DESCRIPTION

The program computes (by moment distribution) all final moments at
each joint of a bent subjected to any number of concentrated vertical
loads whose magnitudea and positions are given. Carry-over factors
throughout are assumed to be one-half. The balancing and carry-over
cycle is repeated six times for each load placed on the structure.

The information required is as follows:

1) The span lengths and the number of spans
2) The distribution factors
3) The magnitudes and positions of the loads and the spans on

which they are applied

Any units may be employed as long as they are consistently used through-
out the problem. The joints are numbered from left to right as shown
in the figure.

The output,as well as the distribution factors, follow this order of
numerotat.on.

1 3 5 7 9 11

2. PROGRAM LIMITATIONS

a) Corrections for sidesway due to dlésymetry of loading or bent
are not included

b) Carry-over factors of one-half are used throughout

c) Structure must be a single story rigid frame with prismatic

members having a maximum of five spans.

PN
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INFLUENCE LINE FOR CONTINUOUS BEAM DESIGN

Definition of the Problem:

The problem is to calculate influence ordinates for moment at
interior supports and for reaction at all supports of a four-
span contimious beam. Each span is divided into ten equal panels.

Output:

(1) Influence Ordinates at all panel points and supports for moment
at interior supports 10, 20 and 30. Results are typed out in 3
columns, respectively, (2) Influence Ordirates at all panel points
and supports for reaction at all supports C, 10, 20, 30, and LO.
Results are typed out in 5 columns respectively. Positive, negative,
and net area of influence line are also typed out.

Mathematical Method:

a. Conjugatc beam method is used to calculate deflection at
panel points and slope at supports for each span due to
unit moment at support.

b. By means of continuity at supports and Maxwell's Reciprocal
Theorem, relation of moments at supports and slopes at supports
due to unit load in a span is set up in terms of a matrix.

c. Moments at supports are solved by matrix inversion and multi-
plication.

d. Reactions at all supports are solved by statics.

D] -
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VERTICAL ALIGNMENT PROGRAM
I

VERT ICAL ALIGNMENT PROBLEM DEF INED

GIVEN the following quantitiess

1. Gradients; Gy, G2, ¢eee G

2, Vertical curve lenghts; I3, Lo, ecee Iy

3. P, I. Stations; Py, Py, ecc. Py

4, Elevations of P. I. Statione; Ey, E,, .... Ei

5. Required Stations; Spj, 5.5, ceee srn

6. Initial Station; S, '

7. Initial Elevation; E,

8. Increment to increase stetion; 1

9. Distance from initial station to starting station, x

10, Llimiting station; S,

IT IS REQUIRED TO FIND:
1. The tangent elevations; Eyy, By, eeee Epp
2, The correction factors; ¢y, €3y «sce e,

3. The vertical curve elevations; Eqy, Eypy eeee !En

NOTE: This is essentially the same program as Users' Project No. 25,
but it has been converted to G-15D machine language.
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JOB COST COMI'UTATION

Definition of Problcm: to facilitate the handling of rancdom job

cost data; to compute individual job hours and cost as well as
total hours and cost.

Specifications:

a. Input - fixcd point in following format:

DD.DDw tab s (Wage is entercd in dollars and cents to a
maximum of $99.99 per hour.)

DDD tab s (Job number - O through 399)
DDD tab s (Hours to a maxcirmuma of . 999)
Preceeding zeros are not needed in any of the above entries.
Once a wage has becn entered, it is not necessary tc¢ reenter
it until a wage cnange is desired, i.e., the format can be-
coma: job number, hours; job number, hours, etc. When a new
wage is entercd, it must follow an hour entry.

be Limitations: the present version is limited to LOO jobs, but
could te extended to handle 700 jobs if necessary. The total

cost capacity is $99,999.99, but could casily be raised if
needed.

c. Accuracy: All output exact to least significant figure.

d. Output:
Jab No. Hours Cost
0 Total hours worked job O Total cost job O
1 Total hours worked job 1 Total cost: job 1
2 2 2
399 Job 399 Job 399

Grand Total of hours Total cost all jobs
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RETAINING WALL DESIGN

This problem concerns cantilever retaining wall with the
surcharge. The program computes maximum and minimum soil
pressures, factors of safety against sliding, and the

steel required (both area and perimeter) for the stem and

the bases

-2l



(a)

(b)

(c)

ABSTRACT

Users Project #29

PIPELINE PROBLEM

The Problem
The problem is:

(1) To calculate the pressures at, and the amounts
of gas flowing into and out of, all stations in
a pipeline,

(11) Also to calculate the horsepower required, the
compression ratio used and the amount of gas
consumed for station use at all pumping stations
on the pipsline,

Data Given

Volume of sales at each station in M,M.cF/d.
Distance between stations in miles

Pipe constant depending on the pipe size,
Installed horsepower of pumping station,

Station useage factor. This is a constant coverw
ing all gas used by a station except for that used
in running the compressors in M,M,cF/d.

Maximum pressure allowable at any station in PSIA,
Optimum compression ratio for each compressor,

Program Restrictions

This program takes into account three types of stationsg

2) Reciprocating pumping stations, ) with or without

1; Sales stations
3 Centrifugal pumping stations, ) sales,

All stations are computed, but print out may be
suppressed for any station if desired,
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MICHIGAN EARTHWORK COMPUTATIONS

PROBLEM STATEMENT

This program has been designed to arrive
at the volume of earth cut to be removed and the volume
of earth £111 to be placed between suceeding sections
dependent upon the ditch seetion routines called for on
right and left sides of the road section. Other quantities
namely, Station, Plan Grade, Areas, Summation of Volumes,
Mags Ordinate, and Slope Stake Pointe are also part of the
typeout. The basic &atd [or the computation being the
height of instrument, distances and rod readings to
represent the existing ground section and the coordinates
of road points based upon an axis of plan grade and
construction centerline to represent the grading section.

-26-



Users' Project No. 31

LINEAR REGRESSION AUALYSIS OF DATA

Problem: Given cata consisting of 2 constant, D, and up to 100 simultaneous
measurements of two variables, L ard t, fit these data by least-squares
method to the cquation

Y =a+bex, where X =1L/Dand Y = log;,(60t).

Assume that errors of mcasurerent in Y are larger than the errors of
measurement in X.

Euations_ :

Let )L_L and Y. rcfer to the ith datz roirt, The desired results may
then be obtalned according to the follouwins equations:

X= %ﬁ' in and Y=21 2Y;, where I = the nurber of data points.
N

xislg.-Xandyi=Yi—Y

slope of the required least-squares line = b = in'yi
i

intercept of least-squares line = 2 = ¥ -~ beX

Sum of residuals =Zd; = Z(Yi -a - b-xi)

residual variance, method 1, = Si = Z(Yi - a - b*)L_-L)2
-2

residual variance, mcthod 2, = 822L = z:ri - be )';xivyi

N -2
. . 2 2 2
variance in b = Sz/Zxi = S,
. - <2(l, X2 2
variance in a sg(N +zxi) =S,

probable error in b = Py = O.67h5°sb

probable error in a = Pa = 0.67145“83

Y



Using the Taylor Expansion:

2
fnsam-rm(x—";)am*l“-(-’%i) (53 as ., ..

Users! Project Noe 32 -

xmth

Users! Project Noe 33

LETERMNINANT EVALUATION

ni

Problem: Given an N x N determinant (N & 20), find its value.

Method:s

The square matrix is reduced to a triangular matrix (i.e. s all elements

+ (m=1)soe(m=n+l) (x-

a

n

ap

below the main diagonal are reduced to zero) by the method described in
Frazer, Duncan, and Collar, "Elementary Matrices," (1946), pp. 106-108.

Briefly, this is an iterative

as illustrated here for a L x L matrix:

311 312 3 ), 31 #:2 33 MY a1 %2 413

21 222 %23 % 0 by by by O by by

831 232 833 83,70 by by PpyT 0 0 ey

1 A2 A3 A 0 by P32 P33 °© 0 yea

The value = all'b.u’cll.d]l'

Successive stages are obtained using the n %12 "3

relationships (from equations for matrix

madtiplications): 0 by P
3141,1 0 0 e

P13 " faeL,ge " &1 hetie 0O 0 O

= b Eél_z.- &
C33 7 P,y b1,g+15 etee

=28

),
P13
€12
22

rocedure which involves a series of stages
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DETERMINANT EVALUATION

Provision is made for nandling zero clements in the original matrix.
A zero row or a zero column leads to a zcro value., Other geros are
eliminated if necessary by adding rows or columns.

Data Input: The clements of the determinant are stored by columns in
locations starting in L6L, L8L, 504, etc., as follows:

h6h hBh 50)4 52)4 5’4’4 eeevsove Bui
L65 L85 505 525 5L5 ecessess OLS
L66 LB6 S06 526 SLE eeesves ELO

L] L () [ ] ° [ ]

[ ) L] L [ () a
L33 503 523 5U3 563 eeesees &O3
If the determinant is smaller than 20 x 20, it is stored in the upper

left<hand corner of this array of interpretive locations -- i.e., the
first column starts in L6L, the second column in L8L, etc.

-29m
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Name: DETERMINANT PRINT-OUT Subroutine

Problem:

Data Input:

Data Output:

Remarks:

Given an N x N determinant (N £20), type out N rows of N columns.

The elements of the determinant are stored by columns in lo-
cations starting in L6k, L8L, 504, etc., as follows:

héh L'-B)-‘» 50)4 52)4 Shh eooe0o0 th
W65 L85 505 525 5L5 coce.. 8LS
W66 486 506 526 5L6 .ooe.. 8UE

©° . o ° ° o

° ° ° ° . °

483 503 523 5L3 563 ce00e. 863

If the determinant is smaller than 20 x 20, it is stored in the
upper left-hand corner of this array of interpretive locations --
i.e., the first column starts in L6l, the second column in L8k, etc.

The value of N, expressed as a floating-decimal number, is sent
to the A register before the subroutine is entered.

A type-out is produced of the contents of the locations occupied
by the N x N determinant or matrix, with a carriage return between
rows and a carriage return following the Nth row.

This subroutine may be stored in any 26 consecutive locations in
the interpretive memory, starting with any locations from 000 thru
L438. The location of the first order should be added to the address
in each of the operations marked with an asterisk () on the coding
sheet.,

This subroutine uses index registers By, Dq, L% Bss D2, Los B
and D; All other index registers are not disturbsd by the exgcutlon
s s

of th ubroutine,
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l!"ﬁ-x
X

Subroutine

Problem:

At one point in solution of an equation, x is computed from other
data and_1-e"* must then be computed.
x

ations:

On p. 131 of "Approximations for Digital Computers" by Cecil Hastings,
Jr. (Princeton University Press 1955) the following appreximation for
the above is given:

-X .
NI L N
1+b1y+b2y2+b2y3+bh.‘yl‘
whare ye _1
1+ px

p = 0.2898, ay = 0.2890,5386 by = -2,2178,1431
a; = 0.332L,0L3L b, = 3.3313,1912
a3 = 0.L554,8498 by = -1.6278,1495
a), = 0.5878,5U66 b, = 0.5143,201



Description:

USERS' PROJECT NO. 36

1

Present Worth Program P = ————n
(1 + 1)

PROBLEM DESCRIPTION

This is a program that computes and tabulates a table according
to the formula, v

where:
P = Present worth of a unit value
i Interest rate
n Number of periods at interest rate "i"

§i

Part III

METHOD OF OPERATION

Method of operation: The routine is self lecading and is stored and executed

Remarks:

from Line 02, The program also uses Lines 20 and 23.

The program is loaded by striking the "p" key and as soon as
reading stops the compute switch is put to "GO", T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>